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(57) ABSTRACT 

Adata recording medium suitable for an optical disk such as 
DVD is disclosed. The data recording medium has a plu 
rality of sectors. The sector has a header area to store address 
information of the sector, a gap area for poWer calibration of 
a laser beam used for data recording, a data recording area 
to store a plurality of modulated codes obtained by modu 
lating the data, a postamble area located immediately after 
the data recording area, and a buffer area to separate sectors. 
The modulated code includes information to demodulate a 
modulated code located immediately before each modulated 
code. The postamble area stores information to demodulate 
the ?nal demodulated code in the data recording area. Adata 
pattern stored in the postamble area includes synchroniza 
tion pattern, and is determined based on a DSV of the data 
pattern, or satisfying the run length limitation. 

2 Claims, 12 Drawing Sheets 
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DATA RECORDING MEDIUM WITH A 
REGION FOR RECORDING DATA, THE 
REGION HAVING A DATA RECORDING 

AREA AND A POSTAMBLE AREA 

This application is a divisional application Ser. No. 
09/193,129, ?led Nov. 17, 1998, now US. Pat. No. 6,317, 
397, issued Nov. 13, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a data recording medium for 
Which digital data is recorded or reproduced With a laser 
beam, and more particularly to a data recording medium 
suitable for an optical disk for recording and reproducing 
digital data. This invention further relates to an apparatus 
and method for recording or reproducing digital data for 
such a data recording medium. 

2. Description of the Prior Art 
Various kinds of optical disks have been developed in 

recent years as digital recording media for recording and 
reproducing large volumes of data. One of these is the 
DVD-ROM that employs 8—16 modulation. 

The 8—16 modulation adopted in the DVD-ROM converts 
an 8-bit data symbol to a 16-bit code Word. A plurality of 
code Words corresponds to one data symbol. Which one of 
the code Words is selected is decided With reference to a 
DSV (Digital Sum Value) and state information designated 
for each code Word. The DSV is obtained by adding +1 for 
a positive side and —1 for a negative side of the NRZI 
converted signal of a modulated code. The DSV determined 
for each code Word is called a CDS (Code Word Digital 
Sum). The code Word is selected With reference to the DSV 
for the code Word after the code Word to be currently 
selected. The DSV is calculated cumulatively from the ?rst 
data symbol to the data symbol just before the data symbol 
to be converted currently and is referenced to select the code 
Word. Demodulation is performed by converting the 16 bits 
of the current code Word into an 8-bit data symbol With 
reference to the 2bits of the state information bits of the neXt 
code Word. 

FIG. 12 shoWs a sector format employed in DVD-ROM. 
In FIG. 12, a data area 14y is an area in Which data is 
recorded and a sync area 14x is an area including synchro 
niZation information to be used for reading out data from the 
data area 14y. Apair of the sync area 14x and the data area 
14y composes a frame, and 26 frames compose one sector. 
The sync area 14x and the data area 14y are formed 
continually. 

In this format, the latest data symbol recorded on the data 
area is demodulated With reference to the state information 
bits included in sync area immediately after that data area. 

NoW, for a DVD Which is capable of recording, the 
aforementioned format is not applied. Such a DVD needs 
some other areas, for eXample, an area for sector identi? 
cation and an area for laser poWer calibration for data 
recording, in addition to the area on Which data is recorded 
(the sync area and data area). Therefore, the area on Which 
data is recorded is not continuous in every sector, and the 
?nal data area in the sector is not folloWed by the sync area. 
Accordingly, the state information required for demodula 
tion of the ?nal code Word in the last data area of the sector 
cannot be obtained. 

Therefore, Aconventional apparatus for reproducing data 
from a DVD With the conventional format shoWn in FIG. 12 
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2 
cannot reproduce data from a DVD With the format capable 
of recording described above. 

SUMMARY OF THE INVENTION 

An object of the present invention, Which is devised for 
the purpose of resolving the problems stated above, is to 
provide a data recording medium capable of recording 
digital data, and more particularly a data recording medium 
suitable for an optical disk. 

A further object of the present invention is to provide an 
apparatus and a method for data recording or reproducing 
With the data recording medium. 

In a ?rst aspect of the invention, a data recording medium 
having a region for recording data is provided. The region 
has a plurality of sectors. Each sector comprises a recording 
area and a postamble area. The data recording area stores a 
plurality of modulated codes obtained by modulating the 
data. The postamble area is located immediately after the 
data recording area and stores a data pattern Which includes 
synchroniZation information to be used for synchroniZing. 
The data pattern in the postamble area may be determined 
from a predetermined plurality of patterns based on a DSV 
calculated for the pattern accompanied With data stored in 
the recording area so that DSV becomes smaller. The data 
pattern may also be determined to satisfy a run length 
limitation. The data pattern in the postamble area may also 
include information to demodulate the ?nal modulated code 
in the data area. 

In a second aspect of the invention, an apparatus is 
provided for recording data in the form of modulated data to 
a data recording medium. The data recording medium has a 
region for recording data. The region has a plurality of 
sectors. Each sector includes a data recording area to store 
modulated codes obtained by modulating the data. The data 
recording apparatus comprises a pattern generator and a 
recording unit. The pattern generator generates at least one 
data pattern including a synchroniZation pattern to be used 
for synchroniZing. The data pattern may also include infor 
mation to demodulate the ?nal modulated code stored in the 
data recording area. The data pattern may be determined 
from a predetermined plurality of patterns based on a DSV 
calculated for the pattern so that DSV becomes smaller. The 
data pattern may be determined to satisfy a run length 
limitation. The recording unit records one of the data pat 
terns from the pattern generator in the area immediately after 
the data recording area. 

In a third aspect of the invention, an apparatus is provided 
for reproducing data from a data recording medium. The 
data recording medium has a region for recording data. The 
region has a plurality of sectors. Each of the sectors includes 
a data recording area and a postamble area located imme 
diately after the data recording area. The data recording area 
includes a sync area storing a synchroniZation pattern to be 
used for synchroniZing and a data area storing modulated 
data obtained by modulating the data. The postamble area 
stores a data pattern including a part of the synchroniZation 
pattern. The data reproducing apparatus comprises a repro 
ducing unit, an area detector and a demodulator. The repro 
ducing unit reads out data from the recording medium in the 
form of an analog modulated signal, and converts the analog 
modulated signal into digital data. The area detector detects 
the sync area and the data area based on the digital data, and 
generates a predetermined control signal While the sync area 
and the data area are detected. The demodulator demodu 
lates the digital data from the reproducing unit While the area 
detector generates the control signal. 
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In a fourth aspect of the invention, a method is provided 
for recording data in the form of modulated codes to a data 
recording medium. The data recording medium has a region 
to record data. The region has a plurality of sectors. Each of 
the sectors includes a data recording area to store the 
modulated codes obtained by modulating the data. The data 
recording method comprises generating at least one data 
pattern including at least a part of synchroniZation pattern to 
be used for synchronizing, and recording one of the gener 
ated data patterns in the area immediately after the data 
recording area. 

In a ?fth aspect of the invention, a method is provided for 
reproducing data from a data recording medium. The data 
recording medium has a region for recording data. The 
region has a plurality of sectors. Each of the sectors includes 
a data recording area and a postamble area located imme 
diately after the data recording area. The data recording area 
includes a sync area storing a synchroniZation pattern to be 
used for synchroniZing and a data area storing modulated 
data obtained by modulating the data. The postamble area 
stores a data pattern including a part of the synchroniZation 
pattern. The data reproducing method comprises reading out 
data from the recording medium in the form of analog 
modulated signal, converting the analog modulated signal 
into digital data, detecting the sync area and the data area 
based on the digital data, generating a predetermined control 
signal While the sync area and the data area are detected, and 
demodulating the digital data While the control signal is 
being generated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention Will be obtained 
by reading the description of the invention beloW, With 
reference to the folloWing draWings. 

FIG. 1 is a diagram of a sector structure in an optical disk 
in a ?rst embodiment of the present invention. 

FIG. 2A is a main conversion table for 8—6 modulation in 
a data area. 

FIG. 2B is a sub conversion table for 8—16 modulation in 
the data area. 

FIG. 3A is a table shoWing a relation of a frame number 
to a sync number. 

FIG. 3B is a main conversion table for 8—16 modulation 
in a sync area. 

FIG. 3C is a sub conversion table for 8—16 modulation in 
the sync area. 

FIG. 4 is a ?oWchart for DC component suppress control 
for 8—16 modulation in the data recording area (the sync area 
and the data area). 

FIG. 5 is a conversion table for 8—16 modulation in a 
postamble area. 

FIG. 6 is a ?oWchart for DC component suppress control 
for 8—16 modulation in the postamble area. 

FIG. 7 is a diagram shoWing a connection betWeen sectors 
of the optical disk of the present invention. 

FIG. 8 is a block diagram of an optical disk apparatus in 
a second embodiment of the present invention. 

FIG. 9 is a block diagram of an optical disk apparatus in 
a third embodiment of the present invention. 

FIG. 10A is a diagram for explaining a sector structure of 
a ?rst sector format for the optical disk apparatus in the third 
embodiment of the present invention, a timing chart of a 
demodulation enable signal and a timing chart of a demodu 
lated data. 
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4 
FIG. 10B is a diagram shoWing a data pattern at a 

connection betWeen a sectors extracted by the optical disk 
apparatus in the third embodiment of the present invention. 

FIG. 11 is a diagram for explaining a sector structure of 
a second sector format for the optical disk apparatus in the 
third embodiment of the present invention, a timing chart of 
a demodulation enable signal and a timing chart of a 
demodulated data. 

FIG. 12 is a diagram of a sector structure in an optical disk 
in the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will be 
described beloW With reference to the draWings. Like ref 
erence numerals designate identical or corresponding parts 
throughout the draWings. 

First Embodiment 

FIG. 1 is a diagram that represents the recording sector 
format in an optical disk in the ?rst embodiment of the 
present invention. It is noted that the recording sector format 
shoWn in FIG. 1 is one example, and the present invention 
can apply to any sector formats in Which a sector has a 
header area for sector identi?cation and a buffer area for 
separating sectors other than a data recording area for 
recording data and therefore, the data recording area is 
discontinuous among sectors. It is also noted that data 
recording and data reproducing for the optical disk are 
performed by using a laser beam. 

In FIG. 1, a recording sector 11 comprises a header area 
12, a gap area 13, a recording area 14 and a buffer area 15, 
in that order. 

In the header area 12, address information of the sector to 
identify the sector, is recorded in advance. The gap area 13 
is not used for data recording, but is provided to prevent 
overWriting in the header area 12 due to turning jitter of an 
optical disk, and also to calibrate the laser emission poWer 
at data recording on the recording area 14. 

The recording area 14 is an area on Which data to be 
processed by the user is recorded. The buffer area 15 is 
provided to permit complete separation of the adjacent 
sectors even When turning jitter of the optical disk is 
encountered. 

The recording area 14 comprises a front guard area 14a, 
a VFO area 14b, a pre-sync area 14c, a data recording area 
142, a postamble area 14g and a back guard area 14h. 

The guard areas 14a and 14h are used to protect the VFO 
area 14b and the data area 142 from medium degradation due 
to repeated recording. The guard areas 14a and 14h may, for 
example, store the same data pattern as the VFO area 14b. 

The VFO area 14b is used to implement bit 
synchroniZation, and stores a single data pattern Which is 
easily extracted by a clock. For example, the data pattern is 
obtained from the NRZI conversion of “100010001000 . . .”. 

The pre-sync area 14c is used for determining the begin 
ning of the data recording area 142. The pre-sync area 14c 
stores a data pattern Which has adequate resistance against 
?aWs and of Which the self-correlation function has a sharp 
peak. The data pattern is, for example, obtained from the 
NRZI conversion of “0000010001001000001000010010 
00001000001000010000”. 

The data recording area 142 comprises a plurality of the 
sync areas 14d, 14f and 14x, and a plurality of the data areas 
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146 and 14y. A pair including a sync area and a data area 
composes a frame. Each frame has respective frame number 
from 1 to 26 according to the order of the frame. The data 
recording area 142 consists of tWenty-siX frames. 

The data areas 146 and 14y store data that are obtained 
from the NRZI conversion of the code Words (modulated 
codes) Which are the result of 8—16 modulation of data 
symbols. The sync areas 14d, 14f and 14x store data that are 
synchronization data to take synchroniZation on data reading 
from data area 146 and 14y immediately after the sync areas 
14d, 14f and 14x. 

The process of 8—16 modulation in the sync area and the 
data area is described beloW. It is noted that the details of 
8—16 modulation are disclosed in International Publication 
No. WO 97/22182 (“A DIGITAL MODULATION 
APPARATUS, A DIGITAL MODULATION METHOD, 
AND RECODING MEDIUM THEREFOR”, by Tanaka et 
al.). 

First, the process of the 8—16 modulation in the data area 
146 and 14y is described. 

FIGS. 2A and 2B shoW a main conversion table and a sub 
conversion table for the 8—16 modulation in the data area 
146 and 14y, respectively. These tables are used for the 8—16 
modulation in the data area 146 and 14y. 
As shoWn in FIGS. 2A and 2B, each conversion table has 

a table that is categorized into four states (state1 to state4). 
Every table contains, together With the code Words, the state 
information that indicates the state (the neXt state) to be 
selected When the neXt data symbol is converted, in order to 
keep the run length limitation at the code Word connections 
and to designate the state information bits used on the 
demodulation. In the sub conversion table, some code Words 
may be out of the run length limitation. The run length 
limitation is to constrain a number of bits “0” betWeen bits 
“1” so that the number of bit “0” is not less than the 
minimum inverted bits interval Tmin and is not more than the 
maXimum inverted bit interval Tmax. 

Each code Word contains the state information bits indi 
cating the state of the conversion table used just before. The 
state information bits are referenced on data demodulation, 
and consist of a ?rst bit and a thirteenth bit in FIGS. 2A and 
2B, for eXample. For state1 or state4, the state information 
bits are “00”, “01”, “10” or “11”. In this case, the state 
information bits are treated as “don’t care”. For state2, the 
state information bits are “00”. For state3, the state infor 
mation bits are “01”, “10” or “11”. As shoWn in FIGS. 2A 
and 2B, the table is constructed so that the code Word With 
Which the neXt state is 1 or 4 has only one corresponding 
data symbol, and the data symbol can be determined spe 
ci?cally Without reference to the state information bits. The 
code Word With Which the neXt state is 2 or 3 may have a 
plurality of corresponding data symbols. That is, the code 
Word (16 bits) and the information bits (2 bits) included in 
the neXt code Word can specify (demodulate) the data 
symbol (8 bits). 

NeXt, the process of the 8—16 modulation in the sync area 
14d, 14f and 14x is described. 

FIGS. 3B and 3C shoW a main conversion table and a sub 
conversion table for the 8—16 modulation in the sync area 
14d, 14f and 14x, respectively. These tables are used for the 
8—16 modulation in the sync area 14d, 14f and 14x. 

The sync code is selected With reference to a sync number 
corresponding to the frame number shoWn in FIG. 3A. The 
main conversion table shoWn in FIG. 3B and the sub 
conversion table shoWn in FIG. 3C are categoriZed into tWo 
tables, i.e. one is for state1 or state2 and the other is for 
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6 
state3 or state4. Therefore, a common table is used for state1 
and state2, and as Well a common table is used for state3 and 
state4. It is noted that the state of the ?nal code Word in the 
data area 146 and 14y folloWing the sync area 14d, 14f and 
14x, i.e. the neXt state of the sync area, is alWays 1. 
As shoWn FIGS. 3B and 3C, the sync code contains the 

state information bits to be referenced When the code Word 
modulated just before the sync code is demodulated. 
Concretely, the state information bits consist of a ?rst bit and 
a thirteenth bit in FIGS. 3B and 3C as Well as the data area. 
For state1 or state2, the state information bits are “00”. For 
state3 or state4, the state information bits are “10”. The 
relation betWeen the state and the state information bits in 
the sync area implements the relation betWeen them in the 
data area. 

In the 8—16 modulation for the data recording area, the 
main conversion table and the sub conversion table are used 
alternatively in order to suppress the DC component of the 
NRZI signal obtained by NRZI conversion. 
The DC component suppression process for the 8—16 

modulation in the data recording area 142 (i.e. the sync area 
14d, 14f and 14x, and the data area 146 and 14y) is described 
beloW With reference to a ?oWchart shoWn in FIG. 4. 

First, it is decided Whether or not the area to be processed 
from noW on is a beginning of the sector (S1). When the area 
is the beginning of the sector, the value of DSV is initialiZed 
to Zero (S2). In this embodiment, since the values of CDS 
(DSV calculated for each code Word) for the guard area 14a, 
the VFO area 14b and the pre-sync area 14c are Zero, the 
value of DSV can be initialiZed to Zero at any one of the 
guard area 14a, the VFO area 14b and the pre-sync area 14c. 

Then, the sync code to be recorded in the sync area 14d, 
14f or 14x, or the code Word to be recorded in the data area 
146 or 14y is-converted by using respectively the main 
tables and the sub tables (S3). That is, When the current 
conversion process is performed for the sync area 14d, 14f 
or 14x shoWn in FIG. 1, the sync number corresponding to 
the frame number shoWn in FIG. 3A is converted to the sync 
code by using respectively the main conversion table shoWn 
in FIG. 3B and the sub conversion table shoWn in FIG. 3C. 
OtherWise, When the current conversion process is per 
formed for the data area 146 or 14y shoWn in FIG. 1, the data 
symbol is converted to the code Word by using respectively 
the main conversion table shoWn in FIG. 2A and the sub 
conversion table shoWn in FIG. 2B. In both cases, the state 
of the table to be used for conversion is decided based on the 
neXt state Which is determined on the conversion of the 
immediately prior code Word. 

After that, the value of CDSmm-n and the value of CDSSub 
are respectively calculated (S4). The CDSmm-n is calculated 
by the result of the NRZI conversion of the sync code, or the 
code Word, converted With the main conversion table. The 
CDSSub is calculated by the result of the NRZI conversion of 
the sync code, or the code Word, converted With the sub 
conversion table. 

Subsequently, the run length is calculated at the connec 
tion Where the current sync code, or the current code Word, 
converted by the sub conversion table is connected to the 
immediately prior sync code, or the immediately prior code 
Word. Then, it is decided Whether or not the calculated run 
length at the connection satis?es the run length limitation 
(S5). When the run length is out of the run length limitation 
(“NO” in step S5), step S6 is skipped, otherWise (“YES ” in 
step S5), step S6 is executed. Thus, the run length is decided 
for the sync code or the code Word converted With the sub 
conversion table because the sync code or the code Word 



US 6,545,963 B2 
7 

converted With the sub conversion table may be out of the 
run length rule. When the run length limitation is not 
satis?ed, the conversion is performed With the main con 
version table. Accordingly, the demodulated codes Which 
satisfy the run length limitation can alWays be obtained for 
the 8—16 modulation. 

In step S6, the absolute value of the value obtained by 
adding the CDSmm-n to the current DSV (i.e. the cumulative 
value of the DSV for the area from the beginning of the 
sector to the immediately before processed area in the 
sector) is compared With the absolute value of the value 
obtained by adding the CDSSub to the current DSV. When the 
absolute value obtained by adding the CDSmm-n to the 
current DSV is not more than the absolute value obtained by 
adding the CDSSub to the current DSV (“YES” in step S6), 
step S7 is executed, otherWise (“NO” in step S6), step S9 is 
executed. 

In step S7, the value obtained by adding the CDSmm-n to 
the current DSV replaces the value of the current DSV, 
Which results in neW DSV. After that, the sync code or the 
code Word converted by the main conversion table is 
selected (S8). 

In step S9, the value obtained by adding the CDSSub to the 
current DSV replaces the value of the current DSV, Which 
results in neW DSV. After that, the sync code or the code 
Word converted by the sub conversion table is selected 
(S10). 

Then, it is decided Whether or not all data to be recorded 
in the sector, i.e. data for tWenty-six frames, are completely 
processed (S11), While the aforementioned processes are 
repeatedly executed until all data to be recorded in the sector 
are completely processed. 

Thus, in this embodiment, the main conversion table or 
the sub conversion table is alternatively selected so that the 
absolute value of the DSV becomes smaller in order to 
suppress the DC component of NRZI signal. 

The postamble area 14g is described beloW. 
FIG. 5 shoWs the conversion table for a data pattern to be 

recorded on the postamble area 14g (it is referred to as 
“postamble pattern” beloW). The postamble pattern is the 
same pattern as the 16 bits at the front of the leadoff sync 
code SYO shoWn in FIGS. 3B and 3C. HereWith, the 
postamble pattern can contain the state information bits, as 
Well as the sync code With sync number SYO, as shoWn in 
FIG. 5. A manner for selecting one of four postamble 
patterns is the same as the manner in the sync area or the data 
area. That is, state1/state2 or state3/state4 is selected based 
on the next code of the immediately prior code Word, and 
then the postamble pattern is determined by using either one 
of the main conversion table or the sub conversion table, 
Where the one used is a table that has a smaller DSV value 
Which is calculated cumulatively from the beginning of the 
sector. 

The DC component suppression process for the 8—16 
modulation in the postamble area 14g is described next With 
reference to a ?oWchart shoWn in FIG. 6. This process 
folloWs the aforementioned DC component suppression 
process in the data recording area 142 (shoWn in the ?oW 
chart of FIG. 4). Accordingly, the value of the DSV used in 
this process is equal to the ?nal value of the DSV obtained 
in the process of FIG. 4 (i.e. the cumulative value of the 
DSV for the area before the postamble area 14g in the 

sector). 
First, the postamble patterns are determined by using 

respectively the main conversion table and the sub conver 
sion table shoWn in FIG. 5 With reference to the next state 
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8 
of the code Word recorded in the last region of the last data 
area 14y in the data recording area 142 (S21). 

Then, the value of CDSmm-n and the value of CDSSub are 
respectively calculated (S22). The CDSmm-n is calculated by 
the result of the NRZI conversion of the postamble pattern 
determined With the main conversion table. The CDSSub is 
calculated by the result of the NRZI conversion of the 
postamble pattern determined With the sub conversion table. 
In this process, the run length rule is not decided because the 
postamble pattern shoWn in FIG. 5 is made so as to alWays 
keep the run length limitation. 

The absolute value of the value obtained by adding the 
CDSmm-n to the DSV is compared With the absolute value of 
the value obtained by adding the CDSSub to the DSV (S23). 
When the absolute value obtained by adding the CDSmm-n to 
the current DSV is not more than the absolute value obtained 
by adding the CDSSub to the current DSV (ES in step S23), 
the postamble pattern determined by the main conversion 
table is selected (S24). OtherWise (O in step S23), the 
postamble pattern determined by the sub conversion table is 
selected (S25). 

Thus, in the optical disk of this invention, the information 
bits required for demodulation of the ?nal data can be 
obtained from the data pattern recorded in the postamble 
area 14g. By employing 16 bits at the front of the sync code 
as the postamble pattern, the run length limitation is satis?ed 
at the connection betWeen the postamble pattern and the 
?nal code Word recorded in the last region of the data 
recording area 142. Furthermore, as shoWn in the ?oWcharts 
of FIGS. 4 and 6, the process for the postamble area 14g may 
be obviously included in the process for the sync area 146. 
Hence, a dedicated control or device for the postamble area 
14g does not need to be provided. 
The folloWing advantages are also obtained by using 16 

bits at the front of the sync code as the postamble pattern in 
the case Where the sync area and the data area are extracted 
sector by sector and are connected in order to be used 
continuously as shoWn in FIG. 7. In this case, the data 
pattern in the ?nal postamble area 14g of the precedent 
sector is used instead of 16 bits at the front of the ?rst sync 
area in the folloWing sector. Hereby the synchroniZation 
information for the data area 14[ of the folloWing sector is 
obtained from the data pattern of the postamble area 14g and 
16 bits (14m) of the front of the sync area at the connection 
betWeen both sectors. The ?nal data of the data area 14s in 
the precedent sector can be demodulated by the data pattern 
in the postamble area 14g. Accordingly, it alloWs accurate 
demodulation even in the case Where the sync area and the 
data area are extracted and are connected betWeen sectors to 
be used continuously as shoWn in FIG. 7. 

It is also noted that the postamble pattern may include all 
bits of the sync code instead of a part (16 bits) of the sync 
code. 

Second Embodiment 

FIG. 8 is a block diagram of an optical disk apparatus of 
the present invention. 

In FIG. 8, the optical disk apparatus comprises ahead 72, 
a reproduction section 73, a demodulator 74, a system 
controller 75, a main converter 76, a sub converter 77, NRZI 
converters 78 and 79, CDS calculators 710 and 711, a DSV 
comparator 712, a run length decision section 713, a state 
selector 714, a code Word selector 715, a parallel/serial (P/S) 
converter 716 and a recording section 717. 
The optical disk apparatus of the embodiment records and 

reproduces the data to/from the optical disk 71 formatted in 
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the sector format of the ?rst embodiment shoWn in FIG. 1. 
In the header area 12, hoWever, a predetermined address is 
recorded in advance, and this optical disk apparatus records 
data in the recording area 14. 

Information recorded in the optical disk 71 is read out as 
a analog modulated signal obtained from a re?ection light of 
a laser beam emitted to the optical disk 71 by the head 72. 
The analog modulated signal is converted to digital signal 
Which is extracted as a reproduction signal in the reproduc 
tion section 73. 

Using the reproduction signal obtained from the optical 
disk 71 via the head 72 and the reproduction section 73, the 
demodulator 74 outputs the address information and the 
position information indicating a position in the recording 
sector to the system controller 75. 

The system controller 75, folloWing control commands 
from external circuitry, outputs various control signals com 
prising a VFO gate, a pre-sync gate, a sync gate, a data gate, 
a guard gate and a postamble gate. Those signals are 
corresponding to the predetermined area in the data record 
ing area With the predetermined address. Each gate signal 
controls the process for generating the data pattern in 
predetermined area of the data recording area 14. 

The main converter 76 and the sub converter 77 have a 
plurality of internal conversion tables. These conversion 
tables includes tables shoWn in FIGS. 2, 3 and 5. The main 
converter 76 and the sub converter 77 output a VFO pattern 
When the VFO gate is enabled, a pre-sync pattern When the 
pre-sync gate enabled, and a guard data pattern When the 
guard gate enabled, respectively. 

The main converter 76 and the sub converter 77 output 
sync codes and next states (next state=1) converted by using 
the main conversion table and the sub conversion table 
shoWn in FIG. 3 When the sync gate is enabled. 

The main converter 76 and the sub converter 77 output 
code Words and next states converted by using the main 
conversion table and the sub conversion table shoWn in FIG. 
2 When the data gate is enabled. 

The main converter 76 and the sub converter 77 respec 
tively output 16 bits at the front of the sync codes With sync 
number SYO, Which are determined by using the main 
conversion table and the sub conversion table shoWn in FIG. 
5 When the postamble gate is enabled. 

For the purpose of simplicity of explanation, the sync 
code, code Word or postamble pattern output from the main 
converter 76 is called “main conversion code” and the next 
state output from the main converter 76 is called “main 
conversion state”, While the sync code, code Word or post 
amble pattern output from the sub converter 77 is called “sub 
conversion code” and the next state output from the sub 
converter 77 is called “sub conversion state”. 

The NRZI converter 78 and 79 perform NRZI conversion 
of the main conversion code and the sub conversion code. 

The CD5 calculators 710 and 711 calculate the CDSs 
from the output of the NRZI converters 78 and 79, and 
output the results of these calculations as CD5 and 
CDSSub, respectively. 

The run length decision section 713 decides Whether or 
not the run length at the data connections satis?es the run 
length limitation With 2bits for the minimum inverted bit 
interval Tmin and 10 bits for the maximum inverted bit 
interval Tmwc The run length decision section 713 outputs “H 
(High level signial)”When the limitation is satis?ed and “L 
(Low level signal)” When it is not satis?ed. 

The DSV comparator 712, after taking the DSV total up 
until the current point as DSV ,, outputs “L” When the 
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10 
absolute value of the sum DSVwmb+CDSmain is not larger 
than the absolute value of the sum DSVwml+CDSSub, and the 
output of the run length decision section is “H”, and then sets 
the DSVwm, to DSV,0m,+CDSmm-n. In all other cases, the 
DSV comparator 712 outputs “H” and sets DSVwm, to 
DSVwm,+CDSSub. The value of DSVwm, is reset to Zero at 
the fall doWn of the VFO gate signal output from the system 
controller 75. 

The state selector 714 outputs the main conversion state 
as the next state When the output from the DSV comparator 
712 is “L”, or outputs the sub conversion state When that 
output is “H”. The next state from the state selector 714 is 
fed into the main converter 76 and the sub converter 77 
respectively to be used for selecting the next conversion 
tables. 
The code Word selector 715 selects the output of the NRZI 

converter 78 When the output of the DSV comparator 712 is 
“L”, or selects the output of the NRZI converter 79 When 
that output is “H”. That is, the code Word selector 715 
outputs the sync code, the code Word or the postamble 
pattern obtained by the conversion table by Which the value 
of the DSV becomes smaller. Thus, it is possible to suppress 
the DC component of the NRZI signal. 
The parallel/serial converter 716 converts the output from 

the code Word selector 715 into serial data, and outputs the 
serial data to the recording section 717. The recording 
section 717 receives the serial data, generates an optical 
modulated signal from the received serial data, and records 
data on the optical disk 71 using the modulated signal via the 
head 72. 

Consequently, this optical disk apparatus, as described in 
the foregoing, can record data to the optical disk With the 
sector format described in the ?rst embodiment. 

Third Embodiment 

FIG. 9 is a block diagram of another optical disk appa 
ratus according to the present invention. 
The optical disk apparatus reproduces data from the 

optical disk With a ?rst format and a second format. The ?rst 
format is the format shoWn in FIG. 1 or 10A. The second 
format is the format shoWn in FIG. 11. In the ?rst format, 26 
frames are provided betWeen the header area and the buffer 
area, While in the second format, there is no the header area 
and the buffer area and the frame area is provided continu 
ously. 

In FIG. 9, the optical disk apparatus comprises a head 82, 
a reproduction section 83, an address demodulator 84, a data 
demodulator 85 and a system controller 86. 
The operation of this optical disk apparatus for reproduc 

ing data from the optical disk With the second format is 
described beloW. 

Information recorded in the optical disk 81 is read out as 
an analog modulated signal obtained from a re?ection light 
of a laser beam emitted to the optical disk 81 by the head 82. 
The analog modulated signal is converted to a digital signal 
Which is output as a reproduction signal from the reproduc 
tion section 83. 
The system controller 86 receives address information 

indicating area to be reproduced in a control command from 
external circuitry. Using the reproduction signals obtained 
from the reproduction section 83, the address demodulator 
84 outputs the address information and the position infor 
mation indicating the position in the recording sector to the 
system controller 86. 
The system controller 86 compares the address indicated 

by the received control command With the address from the 
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address demodulator 84. The system controller 86 outputs a 
demodulation enable signal When the addresses are matched. 
The demodulation enable signal becomes “H” from the ?rst 
bit of the ?rst sync SYO to the end of the postamble area 14g 
for the ?rst sector, or is “H” from the 17th bit of the ?rst sync 
SYO to the end of the postamble area 14g for sectors after the 
?rst sector. For example, the demodulation enable signal is 
shoWn in FIG. 10A in the case of reproducing data in 
continuous 16 sectors due to the control command indicating 
the address for continuous 16 sectors. Thus, the system 
controller 86 detects the sync area and the data area, and 
outputs the demodulation enable signal When it detects 
them. 

The data demodulator 85 operates only When the demodu 
lation enable signal is “H”, demodulates the reproduction 
signals from the reproduction section 83, and outputs the 
demodulated data at the timing shoWn in FIG. 10A. 

In the ?rst format, the data pattern of the postamble area 
is equal to 16 bits at the front of the leadoff sync SYO. 
Hence, When continuous sectors are read, a combination of 
the postamble pattern (16 bits) and 16 bits at the back of the 
leadoff sync SYO of the sector at the sector connection 
provides a data pattern equal to the leadoff sync SYO, as 
shoWn in FIG. 10B. Using this data pattern, the data 
demodulator 85 can obtain the synchroniZation information 
to read sectors continuously. The data demodulator 85 can 
reproduce data from the optical disk 81 With either of the 
?rst format or the second format. Thus, in the data demodu 
lator 85 does not need to change the operation according to 
the sector format of the optical disk 81. 

Consequently, the optical disk apparatus of this embodi 
ment described above, is able to employ common circuitry 
for the ?rst format and the second format of the optical disk 
in order to reduce the circuit volume. 

According to the invention, the postamble are is provided 
immediately after the data recording area of the sector in the 
optical disk. The data pattern in the postamble pattern is a 
part of or the entire data pattern for synchroniZation. Thus, 
the accurate demodulation is carried out at the connection 
using the data pattern in the postamble area as the synchro 
niZation information instead of the leading synchroniZation 
signal When the recording area is eXtracted to be combined 
betWeen sectors. 
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Furthermore, a stable operation of the optical disk appa 

ratus is achieved since the data pattern in the postamble area 
is selected so that the DSV becomes smaller. 

Furthermore, in the postamble area, the information 
required for demodulation of the ?nal modulated code in the 
sector is recorded. Thus, it is possible to obtain the infor 
mation to demodulate the ?nal modulated code of the sector 
When recording and reproduction need to be performed by 
the sector in the optical disk divided into a plurality of 
sectors Which have some predetermined areas other than the 
data recording area. Therefore, it is possible to reproduce 
data from the optical disk With the format Which includes 
areas for sector identi?cation, a laser poWer calibration or 
the like other than the data recording area and thereby, the 
data recording areas are provided discontinuously betWeen 
some sectors. 

Although the present invention has been described in 
connection With speci?ed embodiments thereof, many other 
modi?cations, corrections and applications are apparent to 
those skilled in the art. Therefore, the present invention is 
not limited by the disclosure provided herein but limited 
only by the scope of the appended claims. 
What is claimed is: 
1. A data recording medium having a recording sector, 

said recording sector sequentially comprising a ?rst area, a 
region for recording data, and a second area, said region 
comprising: 

a data recording area to store a plurality of modulated 
codes obtained by modulating the data; and 

a postamble area located after said data recording area, 
said postamble area storing a data pattern, 

Wherein said data recording area stores a synchroniZation 
pattern to be used for synchroniZing, the synchroniZa 
tion pattern being selected so that a value of a digital 
sum value (DSV) is minimiZed, 

said ?rst area includes a gap area and a ?rst guard area 

located after the gap area, and 
said second area includes a second guard area and a buffer 

area located after the second guard area. 
2. A data recording medium according to claim 1, Wherein 

the synchroniZation pattern is selected from a plurality of 
predetermined patterns. 

* * * * * 


